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CHAPTER I 
INTRODUCTION 
The investigation of manufacturing in a city 
necessitates a brief survey of the city itself. This 
familiarizes the reader with component parts and leads 
to an understanding of existing problems and the processes 
used to solve them. 
Worcester is a city that has been neither rich-
1. 
ly endowed with natural resources, nor located in a position 
that gave it access to the sea. The intention here is to 
show how such a city, lacking in natural resources, or 
transportation advantages, has developed into one of New 
England's largest cities. Worcester has prospered from a 
hamlet of about 200 to a city of over 200,000 population. 
This reflects the industrial growth of the city despite 
the lack of resources and inconvenience of location. 
The first section _deals with the early setting, 
'·' 
local conditions, and location of the city. Next, the 
growth of manufacturing and some of the historical aspects 
of manufacturing are discussed. This is followed by a 
description of those major industries that employ more 
than 1,000 people on the average. In couclusion, the 
present status of the city is covered, as well as its 
future outlook. 
2. 
CHAPTER II 
PHYSICAL ASPECTS OF WORCESTER 
TOPOGRAPHY 
Worcester is located within the central plateau of 
Massachusetts. It lies in a broad valley that is about 500 
f ·eet below the general plateau level, and ranges from three-
fourths of a mile to two miles in width (Fig. 1). The trend 
of the valley is north-south, and Main Street and Grove Street 
are the principal streets that parallel this orientation. 
Farther ea st is the Quinsigamond Valley. The divide between 
these two valleys is a ridge which includes Pakachoag Hill, 
Union Hill, Oak Hill , Millstone Hill, and the Summit (Fig. 2). 
To the north , the bottom rises gradually to the highland s of 
Holden. In the south, the valley extends into Auburn, Oxford, 
and Webster. The western edge of the valley follows a ridge 
from Charlton depot in the south, through Spencer and up into 
Paxton. 
The 1Norcester and Quj_nsigamond valleys are connected 
by the Blackstone River that cuts through a narrow passage 
between Pakachoag Hill and Union Hill, near Quinsigamond 
Village (Fig. 2). 
The f loor of the Worcester Valley itself is by no 
means level. It is dotted with a series of hills, such as 
Bancroft Hill, Newton Hill, Green Hill, Indian Hill, and 
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4. 
others. These hills are some of the many drumlins deposited 
in the valley during the glacial period (Fig. 2). 
GEOLOGY 
The rock formations near Worceste r are basically 
Pre-Cambrian and Paleozoic in age . The Paleozoic Era came 
to a close with a great physical revolution (Appalachian 
Revolution) . This area was uplifted and deformed during 
this period. The bed rock of Worcester is found to be a 
complex of highly distorted and metamorphosed Paleozoic 
rocks. The formations that resulted were found to strike 
southward through central Massachusetts and eastern Conn-
ecticut . The presence of the Carboniferous phylli t es, 
mica schists, micaeous quartzites, and gneisses show the 
results of this high degree of metamorphis. Granites were 
intruded into the distorted Paleozoics. 
In the central part of the city, the topmost rock 
forma tions are Carboniferous phyllite. They may be traced 
southwest and northeast across the state. The age of this 
rock wa s determined by the Lepidodendron imprints found in 
the so-called "Coal Mine" of Worcester. 
Micaceous quartzite is t he second forma tion. It 
is brownish gray in color and extends in bands both east and 
west of the phyllite. Because of their close relationship, 
they are both considered as Carboniferous. They have been 
folded together on a large scale in the Oakdale and Mill-
stone Hill anticlines. 
Fig.2. 
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Farther to the east, the Carboniferous Quartzite 
blends intb a more highly metamorphosed quartzose mica schist, 
called the Bolton gneiss. On the west, this zone of contact 
and the rocks t o t he west is called t he Paxton schist, and is 
less gneissoid in character. The Brimfield schist ov erlays 
t be Paxton schist in the northwest part of the city (Fig. 3). 
The irregular land surface that resulted from the 
activities of the Appalachian Revolution were gradually worn 
down in early Mesozoic times by stream action until a nearly 
level plain or peneplain was formed. 
As a result of uplift during late Cretaceous or 
Tertiary time, the streams followed courses on the gentle 
south-eastward sloping peneplain. The activity of these 
streams have resulted in the enlargement of their drainage 
areas to the point where much of the original peneplain 
surface has been destroyed. Remnents of this surface are 
still visible in the uplands surrounding Worcester. The 
Quinsi gamond Valley in the ea st, and the Worcester Valley in 
the west were both carved out during this period of stream 
activi t~r. 
The city of Worcester is situated where several of 
these consequent streams converge to form the Blackstone 
River (Fig. 4). This river ha s been one of the assets to 
the development of industry and growth of the city. Today, 
this river which flows nearest the central core ha s been 
channeled and covered and no evidence of t he river can be 
seen in the heart of Worcester. A portion of Beaver Brook 
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has also been covered in the western r esidential area of the 
city . 
During Pleistocene time, the relief was further 
modified by the work of continental glaciers and stream 
ac t ivity . The glaciers smoothed the higher areas and built 
8. 
up the lower areas. Evidence of this is seen in the Worcester 
Valley, where rounded hills, U-shaped valleys and numerous 
glac ial deposits are found throughout the area. 
Glaciation also reshaped the drainage pattern, 
crea ting North Pond, Bell Pond, and Lake Quinsigamond the 
only natural bodies of water in the area (Fig. 4). There-
maining lakes are artificial and reflect the demand for water 
power in an area without a large stream. 
SOILS 
Worcester has a variety of soils; the predominate 
ones are: 
1. Charlton series 
2. Merrimac series 1 
3· Paxton series 
4. Glouce ste r series 
1 On the original Soil Survey Map , the Hinckley soils wer e 
recognized. In a survey now being made , the Hinckley soils 
are being mapped as Merrimac. The separation was based on 
topography. Steep sloping areas were mapped as Merrimac. 
The reason for the combination is based upon two factors. 
First, they are similar in origin. Both are outwashes and 
related to kames, kettles, and eskers. Secondly , they extend 
over r elatively small areas . The change on soils maps will 
be shown by a slope symbol and not by a difference in soil 
symbol. 
I Fig. 4 
D!f,4,/I(A6£ P,T'r£AN0F WoAC(3TER 
\ 
\ 
\ 
\ ; 
------. STREAMs 
, , , , , , Covo:u·D Srllt:AM.s 
I 
I 
vl\ )81, 
I 
I 
I 
I 
I 
~ 
C8D (IJ£Lt/yttrEo 8y Wol/ct:sn R 
PLANNING BoliRo) 
N 
I 
d 
9. 
10 . 
Since the area lies within the glacia ted region, 
the surface material represents the debris and outwa sh left 
from the ice sheet that once covered the region. This mantle 
has since then been altered by erosion, wea thering, a nd 
dr ainage conditions. Therefore, soils tend to be immature 
a nd display incompletely developed profiles . The topogr aphy 
of Worcester does not lend itself to widespread agr iculture, 
but dairying is carried on in the outskirts of the city . 
Agriculture is subordina te to manufacturing in Worcester 
proper , but the surrounding parts of the county supply the 
city with much of its food products. 
The original agricultural settlement of Worcester 
was in the valley and on the Merrimac soils . As the city grew 
in population and industry , agriculture was forced on to higher 
lands of the Gloucester and Paxton soils. Because of their 
abundance, the Gloucester soils are used the most, essentially 
for dairying. The better farm l ands , however, are found on 
the Paxton soils, where gener al farming is carried on (Fig. 5) . 
CLIMATE 
~orcester , as classified by the Koeppen system, 
ha s a Dfb type cllmate. The winters are long and rather 
cold and the summers are short and warm . The pfecipitation 
is evenly distributed throughout the year . The avera ge 
annual precipitat i on is 40 .78 i nches , which gives a month ly 
mean of 3.39 inches . The deviation from this mean is less 
Fig. 5 
11. 
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than 20% in any month. 
The winter temperature averages about 26°F and 
0 has an absolute minimum of -17 F. Winters are long and 
12. 
rather cold and swmners are short and warm. Average summer 
temperature is about 69°F. 0 July averages 71 F, and the 
recorded diurnal maximum is 104°F (Fig. 6). 
The average growing season is 194 days. This is 
adequate for the maturing of a wide r ange of crops. Frequent 
summer rains insure good grass during the growing season 
and enough hay, forage, and silage to carry the livestock 
through the winter. 
Table I 
CRITICAL FROST DATES 
AVFBAGE DATE AVERAGE DATE 
Jll_SPRINQ_ IN AUT]Mli__ 
16 April 28 October 
Table II 
LATEST DATE 
IN_ SPRING_ 
17 Iviay 
EARLI EST DATE 
IN AUTIDv1N 
26 September 
MEAN SEASONAL RAINFALL 
WINTE.R SPRI_NG SUMMER AUrr:UMN 
10.16 inches 10.04 inches 10.31 inches 10.37 inches 
C1;f n1ate ha s played an important part in the in-
.dustria1 growth or cities in the Northea stern United States. 
Its effect upon factory workers and their eff iciency have 
been noted by Huntington. In his studies on "The Effect of 
Climate on Human Energy as Inferred from Work in Factoriesn1 , 
1 Huntington, Ellsworth: Civilization and Climate New Haven: 
Yale University Press;-1926 p.234 
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he concluded that the high production rate of the New 
England region was due to the favorable climate. 
New England climate is characterized by frequent 
weather changes due to its location in the converging path 
of cyclonic storms, making the weather quite unpredictable 
at times. On June 9, 1953, the u.s. Weather Bureau 
predicted, "Clearing, with little change in temperature". 
No one expected anything more than a possible thunderstorm. 
Instead, a tornado uncorked itself in a Petersham meadow 
near the Quabbin resevoir. It hit Petersham, Barre, Rutland, 
Holden, northern Worcester and Shrewsbury. At Shrewsbury, it 
veered to Northbridge and Sutton in one direction, to South-
bore and Westboro in another. It left 87 dead, hundreds 
injured, thousands homeless and millions in property damage, 
much of it concentrated within the city of Worcester. 
CHAPTER III 
EARLY SE-TTLEMENT OF WORCESTER 
FI . ST ATTEMPT OF' SETTLEMENT 
In early da ys, the power to grant land for new 
towns was vested in the General Court of Massachusetts . 
The first land grant in wha t is now Worc ester was made in 
1657 to Mr. Increase Nowell of Charlestown, Secretary of 
the Cormnonweal th . He la.ter sold his grant to a group of 
men from Sudbury. A second erant of 1000 acres was made 
to the Church of Malden five years lo.ter. The church 
made no attempt to establish a settlement and its grant 
was voided . In 1664, the General Court granted 250 acres 
to Ensign Thomas Noyes of Sudbury. The area of these 
gr ants l ay to the weste r ly side of Lake ~uinsigamond on 
t he nold Connecti cut Road" . Ephraim Curtis purchased a 
tract of land from the heirs of Ensign Noyes , and built 
himself a home near Lake uinsigamond . 
The General Court appointed a committee to make 
a r eport of the a rea and determine how many people it could 
accomodate. This report was made in 1668, and recommended 
that the court reserve the area for a town. It was found 
to be "conveniently situated, a nd well watered with ponds 
and brooks lying near midway between Boston and Springfield, 
about one days journey from either . 111 In 1673, _30 persons 
---·------ ~------ ---·~- --,-· -----------.:=-·- ·- ·- ---- - - ·-- ----
1 Lincoln, William Historv of Worce s ter Worcester : 
Henry J.-Howiarid., Pr:Lnter 1862 . p.ll 
16. 
be gan building .houses, and clearing for cultivation. Only 
six or seven families actually settled in this Quinsi gamond 
plantation. The King Philip's War took place in 1675, and 
the settlement was wiped out. 
SEC OND ATTEMPT OF SETTLEMENT 
There was no intention of permanently abandoning 
the Quinsigamond plantation. In 1684, a second attempt a t 
settlement was made. The name of the colony, Quinsigamond, 
was changed to vVorcester by the General Court. Hostile 
indians menanced the site and forced the settlers to leave 
except for the family of Digory .Sargent. Later he was killed, 
and his wi fe and five children were taken prisoners. The 
first example of manufacturing occured during this settlement 
attempt. Captain John Wing was given permission to erect a 
grist mill on Mill Brook, at that time known as Bimelick. 
THIRD AND Pl:RMANE.NT SE.TTLELVIENT 
On October 21, 1713, Jonas Rice established the 
third settlement at Worcester. He located his farm on the 
area which had been cultivated by Digory Sargent. This was 
on the ea sterly slope of Sagatabscot Hill, now known as Union 
Hill. By 171E, his farm vvas surrounded by 58 more farms and 
200 pioneers. The settlers were English and Scotch-Irish 
Presbyterians who had come from the Boston area. During 
the reign of Queen Anne, the English parliment prohibited 
the importation of cattle, meat, and cheese from Ireland. 
Heavy duties were also imposed upon linens and woolens 
f r om Ireland. For this and religious reasons, many Scotch-
Irish left northern Ireland and landed in Boston. Some of 
them went to Worcester. They were farmers and sought cheap 
land. Thus, up to 1718 almost all of Worcester ' s settlers 
were engaged in agriculture, though there was the usual 
complement of tavernkeepers, storekeepers, preachers , 
lawyers, etc. 
In July 1722 , Worcester was incorpor&ted a s a 
town, and in 1731, it became the shire town of a new county 
of Worcester. It was an occasion for much debate because 
Sutton , Lancaster, Mendon, and Brookfield r anked higher in 
population than Worcester. Because of vVorcester 's central 
position, it was given preference. 
The settlers found virgin strands of mixed forest 
of pine , oak, chestnut, poplar, maple, and birches. Vllii te 
pines predominated on t'he terrac.es and maples on the bottom 
· lands. The lowlands and terraces were the fi r st to be 
settled and l ater settlement spread by clearing of ridge 
tops . 
Early agriculture consisted of general f arming and 
livestock raising. Hay, corn, rye, wheat, hemp, and potatoes 
were the field crops grown. The vegetables and fruits were 
usually for home use as were the cattle, sheep, and milk 
cows. The Worcester farmers threshed their own grain, and 
plowed their fields with a home-made bull plow. These were 
18. 
made of wood with blades of old horse shoes or strips of 
thin iron. All implements were treasured by farmers a nd 
great care was taken of them because they were nearly 
irreplaceable . From this , one of the earliest types of 
industry can be traced back to the blacksmith, who was 
competing with the country store that sold metal goods 
and hardware . The smith was indispensible to every 
community, working by hand, and at home. He was the 
forerunner of the era of specialization with the growing 
demand for manufactured goods. 
With the assured permanence of the third settle-
ment, more mills were built, and there grew a greater 
demand for goods. This marked the beginning of the first 
phase of industrial development in Worcester. 
19. 
CHAPTER IV 
PHASES OF INDUSTRIAL DEVELOPMENT 
FIHST PHii.SE OF I NDUSTIUAL D ·VELOP.MENT (1713-1807) 
The first period of manufacturing in Worcester 
j_s restricted for the most part to lumbering and grist 
mills • . The streams of Worcester were an i mportant f actor 
in the development of the first mills of Worce ster . The 
first mill established in the town was started by Captain 
John Wing in 1685. This was located north of Lincoln 
Square on Mill Brook. The exact length of time that these 
ear ly mills existed is not known because they were destroyed 
by Indians and not rebuilt until 1713. By the end of 1795, 
the town contained "five Grist Mills, six Saw Mills, and 
one Paper Mill. 111 (Fig . 7). The lumber and grain that were 
produced were marketed within a relatively small area. 
Without a good means of transportation to seaboard cities, 
bulky products could not be economically transported and 
thus their volume was l imited. 
By 1760, the manufacture of potash became i mportant 
bec a: use of the shortage in England. 
1 Farnsworth, Albert The Story of Worcester, Mass. Wor cester : 
The Davis Press, 1934, p . 130 
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nits manufacture was urged on the ground of 
affording the colonies an artic le of export 
with which to pay for the manufactures im-
ported from Great Britian, and the North 
American plantations were thought to be well 
adapted to the manufacture of potash by reason 
of the abundance of wood suitable for the 
pur pose ."l 
Within ten years , there were five potash prod-
ucing works in the city . The woods chi efly used in making 
po t ash were t he abundant local hardwoods. Potash works 
were distributed in various sections of the town. Pamphlets 
were published on the best methods of making potash, and 
distributed to the people. All told, in 1788, there were 
about 250 potash works in the state,and it was a pro sperous 
bus i ness at that time . 
In 1789, a few men founded a company to manufacture 
cloth for the town. In April of that year , "the fi r st piece 
of corduroy made at a manufactory in this town was taken 
2 from a loom . " This furnished a product for the local 
market, using a material t hat was produced in the immediate 
area. The industry did not flourish a t this particular 
time because it was cheaper to import textile goods from 
England. Later, after the Embargo Act of 1807 , the textile 
industry began to emerge as one of the important industries 
of Worcester. 
1 Washburn , Charles G. Industria l Worcester Worcester: 
The Dayis Press, 1917, p. 13 
2 Ibid., p. 17 
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In 1775, a printing press was establi~hed i n 
'\Norcester, which became the fif th town i n Ma ssachusetts with 
such a press . This pr es s created a ne ed for a new pr oduct , 
paper , whi ch was then made from rags. To f ulfill the needs 
for paper , Isaiah Thomas bough t the southerly half of ·a dam 
and wa ter pr i vilege located at Quinsigamond Village and built 
a mill there . He l ater sold the paper mil l to Caleb and El ij a h 
Burbank of Sutton , i n February 1798. This paper mill was t l.te 
sec ond in the state and shortly after 1811 another building was 
added. It was erected and used as a sickle factory but l a ter 
reconver t ed to a paper mill. This mill was in front of the 
site now occupied by the South Works of the American Steel & 
Nire Company . 
There were few other sma ll plants at thi s time . 
Large mills c ould not be erected on streams , becaus e of the 
lack of sufficient wa t er power . Theref ore, the i ngenuity of 
t he ea rly manufacturer wa s direc ted into making many ki nd s 
of goods . Clocks, watches, corduroy, leather , carpets, paper , 
and cotton and woo l en goods were made on a small scale and in 
small shops. 
The fi rs t organized transportation system was 
developed in 1783, when a sta ge-coach line was established 
between Boston and Hartfor d . The extension of this system 
stimulated the growth ·of tkverns . Poor road conditions 
brought forth demands for improv ement s . Transportation 
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appeared to be a vital factor in the industrial develop-
ment. In 1796, a conference was held in Worcester and, 
"the plan of making a navigable waterway to both Boston 
and Providence was suggested". 1 The legislature failed 
to agree to an act of incorporation and the first 
suggestion was not carried out. The development of 
canals will be covered in the next phase of industrial 
development. 
In 1806, the Stafford Turnpike to Stafford, 
Connecticut was opened. This same year saw the incorp-
oration of the Boston-Worcester Turnpike, which opened 
two years later. The trend of these pikes was to follow 
straight lines when possible, although they deviated to 
save money. This accounted for many curves that can be 
noticed in some of the old pikes. 
There was little change in the number of mills 
erected in Worcester until the passage of the Embargo Act 
of 1807, that almost completely cut out imports into the 
United States and prohibited exports. The Embargo Act 
marks the beginning of the intermediate phase in the 
industrial development of Worcester. 
------------------
1 Tulloch, Donald Wor~ter, City of Prosperity: Worcester: 
Commonwealth Press, 1914, p. 71 
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SECOND PHASE OF INDUSTRIAL DEVELOPMENT 
The Embargo Act of 1807 stimulated a great growth 
in home production. This is shown by a notice that was 
published by the .Marshal's office in Boston that asked, 
"for information in regard to the following industries: 
tanneries, distilleries, sugar refineries, breweries, 
paper mills, oil-mills, snuff-mills, chocolate-mills, 
gun powder-mills, glass-works, fulling-mills, cotton 
and wool-spinning mills, rope-works, furnaces, air 
furnaces, forges, bloomeries, rolling and spritting-
mills, cut-
1
nail factories, trip hammers and steel 
furnaces." 
In comparison to the population of the city in 
1810, which was 2,500 people, the shops were small with only 
a few workers each. Lack of adequate water power, which was 
increasingly a disadvantage, and the lack of good transport-
ation, were the two major hindrances to industrial development. 
Blackstone Canal--In 1822, a series of meetings 
of people interested in a canal was held. In that year, a 
committee was set up to survey the possibilities for a canal 
between Worcester and Providence. In 1824 and 1825, work on 
the canal, to be known as the Blackstone Canal, was started 
in the terminal towns. The c&nal was opened in 1828, and the 
first boat that traveled the canal arrived in Worcester 
loaded with butter, cheese, coal, and paper. This was a major 
addition to Worcester's transportation network. By 1829, 
a number of basins were in use along the Blackstone Canal 
(Fig. 8). 
1 Washburn, Charles Industrial Worcester Worcester: 
The Davis Press 1917, p. 25 
<Fig • 8 
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Prior to the introduction of the railroad, the 
canal served as the chief means of transportation between 
Worcester and Providence. This canal, however, had three 
major drawbacks. As can be seen in Figure 8, part of the 
canal was located on the river• Consequently, transportatlon 
on the river was delayed during periods of high and low wa t er . 
In the second place, the canal was closed for four or fiv e 
months during the winter because of ice. The third reason 
was that, 
"In a season of drought the manufacturers were jealous 
of the boatmen drawing so much water, and on several 
occasions in Rhode Island the owners of the mills and 
of water-power ordered large loads of stone tipped into 
the canal locks to prevent the boats from passing ." 
RailrQad~--The railroads offered better day-to-
day service to the seaboard and this also affected the use 
of the canal. In 1835, the first train of the Boston and 
Worcester Railroad Company entered Worc ester. This line 
was later extended to Springfield. Five years later, the 
Norwich and Worcester Railroad offered communications 
between Worcester and New London. The Canal Company ceased 
operating between Worcester and Providence in 1846, and its 
service was replaced by the Providence and Worcester Railroad. 
Within a 20 year period--from 1828 to 1848--transportation 
made its greatest progress, and it was during this time that 
many important industries started. For most of the period , 
Worcester had a canaL and thre~ railroads. Transportation 
1 Washburn, Charles G. Industrial Worcester Worcester: 
The Davis Press, 1917, p. 48 
costs decreased considerably and better facilities were 
available for shipment. The railroads proved to be one 
of the leadi ng factors in the rapid growth of Worcester as 
an industrial city. 
ResQllrQ~--With the expansion of transportation 
facilities and opening of new markets, exploration of the 
meager resources was inevitable. In some cases it pr oved 
futile, while in others, it became a primary factor in 
development. 
In 1754 , a ~arge amount of capital was invested 
in a silver mine located about one mile north of town. After 
continual efforts to extract the silver were made, the 
enterprise failed. The German superintendent in charge real-
ized it was impossible to mine. He loaded a wagon with a 
barrel .of the ore, obtained an additional $100 from the 
investors, and headed for Philadelphia to consult an expert . 
He never returned and the mine closed. 
In 1826) a supposedly rich anthracite coal deposit 
was found about two miles north-east of town. It was explored 
by Col. Amos Binney and hi ghly publicized. However, the 
manufacturer who used it discovered that it was a very poor 
quality and not economically feasible to use. It was converted 
into a paint called 11Black Lead" ( a cheap and durable cover 
for roofs and exterior of buildings ). This mine accordingly 
closed. 
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The discovery of clay beds in the north-west 
part of town proved more profitable. Four million bricks 
were made from this material in one year. The clays were 
also used in the manufacture of pottery. A later discovery 
of emery in Chester, Massachusetts led to the rapid growth 
of the Norton Company of Worcester. Today,the Norton Company 
is the world's largest producer of abrasives. 
Other small mineral resources were found in the 
area, but had little significance in the industrial develop-
ment. Except for the use of sands and gravels, Worcester ha s 
no mineral resources to account for its present manufacturing 
position. 
Most of the industries that developed during the 
early period were oriented to the north-south trending 
drainage of the valley. They were dependent on the l ittle 
water power that they could get from the streams. The early 
sites along the Blackstone River were important as "affording 
a means for starting manufactories which have since so large-
1 ly developed in size and variety". Articles that were not 
imported were manufactured in small shops along the streams . 
Because of the age of the dams, low velocity and 
great amount of silting, this resource is insignificant as a 
basis for the present day manufacturing in the city. Today, 
the watershed supplies process water to 20 companies, but no 
company uses water any longer as a means of power. 
1 Hurd, Hamilton D. History of Worc e ster Cou~ Mass. 
Philadelphia, J. W. Lewis & Co. 1889 
p. 1598 
By 1840, machine tools, wire, fi r earms, carpets, 
textiles, shoes, screws, and many other articles wer e being 
made in Worcester. The population increased to 7,497 and 
1,100 were employed by various industries. 
THIRD PHASE OF INDUSTRIAL DEVELOPMENT (1840-PRESENT) 
General Growth of Industry--The industrial 
development of Worcester is ba sed on three factors -
good transportation, introduction to steam, and human 
resources. In 1825, William A. Vfueeler, a blacksmith, 
used a small steam engine in his shop. It was probably 
the first in Worcester, but it was not until 1840 that 
steam came into general use. "It was during this time, 
that the foundations of many of Worcester's important 
industries were laid" •1 With the int·roduction of steam 
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as a means of power and improved transportation facilities, 
growth and diversification took place. This, however, could 
not have occured without the human resource element of 
inventivenes s . 
Inventions by the people have contributed 
tremendously to the progress. As a result, there were 
many changes in methods of manufacturing to place the 
manufacturer in an advantageous position. Of the many 
inventions of the people, the cotton gin and sewing machine 
are two which have found their initial manufacture or use 
in Worcester. 
1 Farnsworth, Albert The Story of Worcester, Mass. 
Worcester, The Davis Press, p. 134 
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Some of the extremely important inventions of 
Worcest er people a re shown in the followi ng pa ssage. 
" WilJiam Howe invented the truss wooden bridge; Lucius 
J. Knowles, the open shed cassimere loom and looms for 
weaving narrow fabrics; Jerome Wheelock invented the 
Wheelock engine; Erastus B. Bigelow invented the fi rst 
carpet machine ; William Crompton invented the first 
power loom for weaving fancy cottons; Charles Thruber 
invented a typewriter in 1843; Russell L. Hawes invented 
the first successful envelope-ma.king machine in Ame r i ca; 
Loring and A.G. Coes invented the Goes wrench; Ichabod 
Washburn invented the first piano wire drawn in America ; 
Thomas Blanehard, the first loom for weaving irr egular 
forms ; A.W. Gifford, the first milled machine screws 
placed on the ma r ket; Charles Burleigh i nvented the 
first rock drill successfully driven by power; Josi a h 
Green was one of the first to use wooden pegs in place 
of nails for boots; Eli Bruce invented a machine for 
making pins out of wire, heading and pointing them ready 
for use; Thomas Keyes and David c. Murdock invented a 
stop-motion, a machine used in the warping of cotton 
and woolen yarns, their machine being the only one used 
for the purpose for fifty years , and in demand in ylmost 
all the cotton mills of this and other countries." 
During the entire period inventions were numerous 
and often their originators were not given credit after many 
modifications were made. Constant technical improvements are 
basic to the success of manufacturing in Worcester. 
The trend of manufacturing during this period 
(1840-1950) can be seen in Figure 9 or Table III. The 
increase wa s grea t betwe en 1840 and 1870. From 1870 to 1920 , 
it was a steady increa se. During the 1920 to 1940 period, 
there occurred a per i od of depression which was the reflect-
ion of the nation-wide economie plunge . Worcester's periods 
------ -- --- -- ----- ------· 
1 Nelson, John WOJ;:Q_ester_~_gynty New York: 
The American Historical Society, 1934 , p.620 
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of expansion and contraction indicate that the war economy 
of the nation affects it as well as most other manufacturing 
cities. The recession of 1948 - 1949, for example is a 
reflection of wartime cut back production. The total wage 
earners of Worcester dropped from 36,897 (peak of 1948) to 
32,210 (lowest 1949). 
Table III 
· Total_ Populat~gn and Wage E~rners in Manufactu~ing 
(1840 - 1920) 
Year population Wag!L._Earners (Nearest 100) 
1840 7,497 1,100 1845 11,556 2,000 1850 17,049 3,000 1855 22,286 5,300 1860 ~4,960 6,900 1865 30,055 9,000 1870 41,105 9,200 18~5 4~,317 10,000 18 0 5 ,2~1 13,000 1885 68,1 9 15,000 1890 84,b55 17,000 
1895 98,767 19,000 1900 118,421 20,000 1905 128,lg5 2g,ooo 1910 145,9 6 2 ,ooo . 
1915 162,697 35,000 1920 179,754 39,000 1925 190,757 35,000 
1930 195,311 30,000 
1935 190 ,471 28,000 1940 193,694 27,000 
1945 200,~g5 35,000 1950 210, 5 38,000 
Fig. 9 
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Tr!ll!§portatio.n-- The pattern of highways inclieates 
that Worc ester has a favorable location with respect to the 
leading cities of New England (Fig. 10). The highways permit 
rapid daily transit to manufacturing groups. These highways 
radiate to all parts of New England. Worcester serves as a 
focal point for truck transportation and has become the lead-
ing truck junction 'for New England. The hi ghways. offer easy 
access to retail and wholesale markets as well as rapid 
transportation to ports at Boston and New York. Route 9, 
a four-lane highway to Boston, enables manufacturers to ship 
or receive goods daily, and trucking concerns offer four-hour 
service of pick-up and delivery between Boston and Worcester. 
This network of roads not only furnishes a more rapid distribu-
tion of manufacturing goods to various parts of New England , 
but also aids the commuters of the outlying towns . 
The railway lines, as the highway net, also 
serves as a focal point for rail transportation. Three 
railways furnish the city with both passenger and fr eight 
service. These are the Boston and Ma~, Bostog_gnd Alnagy, 
and New York~_liew Hay,§!L~!HL .. Hartford Railroa£!.2 (Fig. 11). 
There are about 40 passenger trains that service the city 
daily, the majority being supplied by the Boston and Albany . 
In addition , there are 48 fr eight trains per day that enter 
or leave Worcester. This makes it the largest freight 
interchange point in New England. The railway service to 
the ci ty is a great advantage to manufacturing. All three 
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railroads have railheads or sidings shunting from their 
main lines to service various industrial concerns. However, 
many of the smaller industries depend lafgely on truck 
transportation since it is not economically feasible t o 
have a railhead for their products. The railroads s ervice 
the larger concerns that import bulky materials and ship 
out heavy products or large quanti ties. 
Another means of transportation is the Northeast 
Airlines, Inc. This supplies Worcester with passenger , mail, 
and freight service. The airline is still in its infant 
s t ages of development but has prospective importance. 
Daily, there are five fli ghts to and from New York City, 
five flights to and from Boston, and two fl i ghts to and 
from Manchester, New Hampshire. The amount of freight 
varies from month to month. There are about 150 companie s 
of Worc ester that ship manufacturing goods by this means of 
transportation .. 
Population Dis t ribution--The pattern of pop-
ulation is closely rela ted to the topography of. the city. 
The residential area s spread out fr om the central core. 
They are mainly within the areas of low relief. This can 
be seen by comparing the topographic map (Fig. 1) with the 
population maps (Figures 12 and 13). 
The nightime population density spreads and 
thins out from the central core. It becomes less densely 
centralized. The daytime population is extr emely concentrated 
Fig. 12 
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in the central core with small areas of high density 
scattered in outlying areas. These represent areas of 
manufacturing establishments. 
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Human resources have been one of the keys to 
the continuous growth and progress of diversification. 
The area supplies skilled and well trained workers, as 
well as experienced managerial personnel. The majority 
of goods produced are high in value and sma ll in bulk. 
Into these products go the skill and ingenuity of labor 
and management. 
Land Use--(Fig. 14) The commercial section 
radiates north, west, south-we st, and north-east from the 
central core, and dominates it. Here and there, within t.b e 
central core, land used for manufacturing and transportation 
interrupt the continuity of the land devoted to business. 
Residential lands surround the central cor e, 
and f orm a built-up area for about one mile radius from 
the Common. Lack of continuity i s a feature of the res-
idential areas. In the east, especially, some areas have 
been pre-empted by manufacturing and transportation, and 
commercial districts are distributed throughout the 
r esidential areas. 
Vacant lands are found in hilly or swampy areas 
and civic and institutional land use areas also dot t he 
ci ty . Worcester was 11 tbe first city in the United States 
41. 
to purchase land for a public park. 111 There are now 27 
parks and recreational ar~as throughout t he city. 
Land devoted to manufacturing and transport-
ation is mostly located near railroads and creates a spotty 
pattern. Only nine areas which ar e zoned for manufacturing 
and transportation are not located near a railway and 
these are relatively small areas. 
Manufacturing Patt~--There are 622 companies 
located in Worcester employing a total of 49,383 persons 
(1954). In the outlying area s ( Standard Metropolitan Area), 
there are 116 companies which employ 4,646 persons. During 
t he seven years following World War II; 263 new indus t r .ies 
wer e established. This was twice the average national rate 
of manufactur ing growth. At the present time, there a re 
six companies in the city that employ more than 1,000 
persons on a yearly average. It is the author's intent ion 
to show how these major industries in certain manufacturing 
groups have grown and developed to their present sta t us . 
Field techniques employed included interviews and the 
analysis of such factors as site location, transportation , 
raw materials, markets, and employment . The ma jority of 
Worcester's manufacturing companies ar e located near one 
or another of the railroads and some have spurs t hat r each 
their loadine platforms . This, however , is not the rule 
1 Worcester Products, Wor~ter People: 
Chamber of Commerce 1952 
Worcester 
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for all manufacturing. A large percentage of small manufact-
ure~s do not have direct access to railroad transportation 
even though the company is located near a railroad, These 
companies do not produce goods in volume large enough to 
warrant a ~ailroad spur. 
The Standard Metropolitan Ar ea (S.M.A,) consis ts 
of 12 surrounding towns and the city of Worcester (Fig, 15). 
Although the concensus is that the expansion of American 
industry has been accompanied by a marked trend toward 
decentralization of industry, it did not occur in Worcester 
during the per iod of 1939-1947. There ha d been an increase 
in the manufacturing plants of both Worcest er and the s , n!I , A ,, 
but the rate of increase had been proportional (Table IV). 
Factories increased 18% in Worcester and 17% in the S .M.A. 
Production Workers increased 43% in Worcester and only 35% 
in the S ,M,A. The value added by manufacturing increased 
149% in Worcester and 143% in the S.M.A . 
A large number of manufacturing establishments 
are located in the c entral part of the city. There are 191 
establishments located in the central core, this representing 
about 30% of all manufacturing in the city. It is normal 
to expect numerous small industries 'in the center but 
quite surprising to find a considerable number of larger 
companies in the central core. This includes 
Fig. 15 
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Table IV 
Worcester and the Worcester Standard MetrQQolitan Ar~ * 
Wor_g_est~ Worcester S,M ,A. 
12.12. I '1212 12.32 lill 
Establishments 487 574 6oo 702 
All Employees 46,847 52,251 
Salaries & 
Wages $136,804,000 $153,583,000 
Production 
Workers 26,470 37,834 32,033 42,525 
Wages $100 ,815,000 $114,420,000 
·value Added by 
Manufacturing $86,447 ,000 $215,807,000 $99 ,796,000 $241, 917,000 
~·----------- --·--------·~----·------·~----------·~------------
Source : Census of Manufacturers: 1947 , Vol.III, Statistics by 
States: Washington; Govt. Printing Office, 1950 p-279 
the Telechron Company which is one of the largest manufacturing 
companies in Worcester (Fig. l1l· 
Because industry has been restricted to the valley, 
space has been at a premiwn. Some buildines have been for the 
prime purpose of renting space to smaller companies . The first 
such building was erected in 1847. In 1854, a fire destroyed 
the building and 30 companies were forced out. This aspect of 
housing industry is a distinctive characteristic of Worcester. 
A number of buildings have been adapted to house small manufact-
uring. W'hen the Washburn- Moen Building was vacated by the 
American Steel & Wire Company in 1942 and consolidated at the 
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the South Works (Fig. 17), 30 concerns moved into the building. 
Not only do small industries consolidate or share 
buildings, but the home structures also reflect crowding. 
The concentration of industries has shaped Worcester as a 
"Three Decker Town" (Fig. 16). This type of structure 
predomina tes in the ea st side and was built to accomodate 
the workers in the congested areas . Today, with better means 
of transportation, the trend of residential expansion is to 
the rural areas and single family dwellings. This could, to 
some extent, relieve t~ne pressure on industrial expansion in 
the restricted valley . The problem today is still space. 
Evidence of this can be s een in the tremendous amount of multi-
story structures for both industry and population. Today, 
the trend of expansion is toward the northern and southern 
sections of the valley, where more land is available for 
modern low slung buildings . ( Fig . 19). 
MaJor Industries--The following are the six largest 
industries of Worcester: (See Fig . 17) 
1. The Norton Company 
2. American Steel & Wire Company 
3· Crompton & Knowles Loom Works 
4. The Telechron Company 
5. Heald Machine Company 
6. Wyman-Gordon Company 
Fig. 16 
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Table V 
MAJOR INDUSTRIES AND Nill~BER OF EMPLOYEES 
(1951) See Fig. 18 
COMPANY 
1 . The Norton Company 
2. American Steel & Wire Company 
3· Crompton & Knowles Loom Works 
4. The Telechron Company 
5. Heald Machine Company 
6. Wyman-Gordon Company 
7. Reed & Prince Mfg. Company 
8. Cornell-Dubilier Elect. Corp. 
9. New England Tel & Tel Company 
10. Vfuitall M.J. Associates Inc. 
11 . Brown , H.H. Shoe Company 
12 . Bell Company 
13. Morgan Construction Company 
14. Worcester Telegram & Evening Gazette 
15. Graton & Knight Company 
16. Johnson Steel & Wire Company Inc. 
17. Worcester County Electric Company 
18 . Reed-Prentice Corp. 
19. u.s. Envelope Company 
20. Harrington & Richardson Inc. 
NUMBE.R _~MPLOYED 
4 , 480 
2,990 
2,730 
1,700 
1,180 
1,160 
1,100 
1,010 
840 
730 
700 
660 
580 
550 
550 
540 
520 
520 
500 
490 
TableV (con't.) 
COMPANY 
21. Rockwood Sprinkler Company 
22. Worcester Wire Vv'orks 
23. Melville Shoe Corp. 
24. Worcester Bus Company 
25. Wiley-Bickford-Sweet Corp . 
26. Baldwin-Duckworth Div., Chain Belt Co. 
27. Wickwire Spencer Steel Div. 
28. Rice Barton Corp . 
29. Pullman-Standard Car Mfg . Company 
30. Thompson Wire Company 
31. G.T. Wright Steel & Wire Company 
32. Worcester Pressed Steel Company 
33· Worcester Gas Light Company 
34. Vellumoid Company 
35. Leland-Gifford Company 
36. Grosvenor, C.A. Shoe Company Inc. 
37. Worcester Knitting Company 
38. u.s. Envelope (Hill) 
39· Matthews Mfg. Company 
40. Riley Stoker Corp. 
Source: Worcester Planning Board 
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Nilli!TBER EMPLOYED 
460 
450 
450 
430 
430 
420 
410 
400 
350 
340 
330 
320 
320 
290 
290 
280 
270 
260 
250 
220 
Fig. 19 
AERIAL VI EVJ OF THE NORTON COMPANY 
(Photogra h by courtesy of the Norton Company) 
4 
• 
52. 
-· 
53. 
Ihg_Norton Company 
Location--The present site is at Barbers Crossing, 
where the origina l Norton Emery Wheel Company was e stablished 
in 1886 (Fig. 17). This area, located in the northern ex-
tension of the valley consists of 419 acres of l and and 3 
million square feet of manufacturing space. The main reason 
for Norton 's long existence at the present site is concerned 
with the labor supply. Norton Company and its 5,800 employees 
at the main plant have deep roots in Worcester . The company 
is more than ordinarily concerned with the welfare of its 
employees . 
In 1950-1951 the Norton Comp any considered i nvest-
ing six million dollars into a branch plant nearer the auto-
motive market in the Mid-west. The shift in plant location 
would also have uprooted 1,500 workers of the Machine Division. 
Such a location would have been closer to the market and thus 
save on transportation costs. However, salesmen reported 
that if a Mid-west customer really want~d the Norton machine, 
he would not balk at paying the extra freight charge. The 
company concluded that a Mid- west branch would make it more 
difficult to carry out its traditional policy of close 
supervision and most of all , Worcester's labor is ample and 
highly productive. Finally, it was decided to build the new 
six million dollar Machine Division at its present site. 
Hi stori,gsL Bagk;gi:QQ.P.Q--The company really begs.n 
in the spring of 1858 when two men came down from Bennington , 
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Vermont to open a pottery shop in Worc ester, Massachusetts. 
At th~ t time, there were no potters in the town and pottery 
was an essenti a l item i n the community . Frederick Hancock 
and Frank Norton, the two potters, opened a shop on Wash-
ington Square near the course of the old canal . I t was 
expected that the canal would be the chief means of trans-
portation, therefore , this particular site was chosen . When 
the ra ilroad came into Worcester, Wa shington Square wa s 
rearranged and Norton and Hancock Pottery moved to Water Street. 
By 1880, f ive or six men were employed in the plant. The 
labor supply was essentially Swedish immigr ants and the plant 
grew to a point where the Water Street workers might have 
continued the making of crockery the rest of their natural 
lives . The growing import c-,.nce of grinding stones for sharp-
ening implements, threshing grains, and for fashioning tools , 
however, created a need for abrasives. Swen Pulson experimented 
with various processes i n perfecting a grinding wheel wi th 
emery. At t hi s time the manufacturing of solid emery wheels 
wa s an i mportant and growing i ndustry in the United States . 
Shops needed t hese wheels for grind i ng t ools. In 1886 , the 
Norton Emery ~~eel Company was formed . It received its emery 
from Chester, Mass. and the business flourished. 
I n 1893, t he introduction of corundum threa t ened 
the emery wheel business. 'I'urkey, Hi ndustan , Ceylon, and 
Burma were tree ori·ginal sources of corundum. Th e first 
deposits in the United States were found i n No rth Carolina in 
1871 but were not commercially used until the Laurel Creek 
Mine in Georgia opened. Some deposits were found in the 
Berkshires while blasting a road through for the first 
Boston to Albany Railroad. The continual research and 
development ha s brought the Norton Company to a position 
now where it is the largest producer of abrasives in the 
world . 
Today, Norton Company has 1,500 employees in the 
new Grinding Machine Division, 4,300 others at Worcester 
making grinding wheels and abrasives , 1,000 at mines and 
smelters in Arkansas and Canada , 2,600 at the Behr- Manning 
sandpaper plant at Troy, New York, 100 at an oilstone plant 
in New Hampshire, and 2,600 in abrasive plants in Britain, 
France, Italy, Germany, Australia , and South Africa. 
Source of Raw Material--Most of the imported 
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raw mat erials are bulky commodities, such as silicon, carbide, 
and other abrasive materials . These raw materials come from 
all parts of the world (less than 1% comes from local sources). 
These abrasives have l argely replaced emery, whose Chester 
deposits were the basis for the compan's origin. Emery is 
not used in the Worcester plant at all today. The New York 
plant doe s use emery to some extent in the production of 
sandpaper. In addition to being the world's largest producer 
of abrasives, the plant makes many important grinding machines 
and encapsulating machinery . The materials for these machines 
c ome from local sources. 
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Transportation--The plant has an advantageous 
position in relation to r ail connections. It is located on 
a main railroad line (Bo ston & Maine) and has its own r a il-
road network on its property, including 7 miles of track , a 
steam engine, and box cars. The chi af means of transpor t a tion 
is r ail. All warehouses of the Norton Comp any have r a ilheads. 
This makes the transportation problem easier to control. In 
a ddition to rail transportation, the shipments by truck are 
c ontinually rising. However, in their world wide market, 
various means of transportation a re used but for domestic 
ma rkets, rail is the chief means of import and export. 
Markets--The production and sale of producer gra in 
has stimula ted t he growth of t wo other abrasive concerns in 
the S .M. A. The Bay State Abrasive Company of Westboro 
purcha ses about 5% of their materia ls and the Wa shington 
Mills Company of North Grafton purchases 45% of the materials 
us ed from t he Norton Company. In 1948, Norton Company purcha sed 
patent rights fr om Rex Maule to produce gelatin encapsulating 
machinery. These mac hines are lea sed to various pharmaceutical 
concerns t hroughout the United States and sold in the foreign 
ma r ket . The market for t he Norton Company is nationwide and 
worldwide. Only a small per centage of the goods produced are 
sold locall y. The biggest mar ket is throughout the United 
States manufacturing belt. The a dvantage s of being in Worcest er 
counteract t he disadvantage of distance to the mar ket and high 
cost of transporta tion. In thi s particular case, there are no 
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problems of space for future expansion. After the expansion 
during World War II, some buildings were closed, because of 
the cutback to peace time production. In the event of any 
future emergency or need for expansion these buildings can 
be made available for production. At the present time, one 
hundred and thirteen buildings house the Norton Company. 
Fig . 20 
AERIAL VIEW OF THE AMERICAN STEEL & WIRE COMPANY 58. 
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Americ~n Stegl~_!ire Co~£any 
Loca!iQn--The present site consists of 146 acres, 
occupying 10 buildings and 240,000 square feet of production 
space . It is the largest company t hat is located a t a 
distance from t he central core. The selection of the site 
is historically based upon the water r e sources of the Middle 
River flowing into the Blackstone River (Fig. 17). 
~Qr,1ga~_As£eC~~--In 1831, Ichabod Washburn 
started a little water-powered wire mill at Northville, a 
section of northern Worcester (Fig. 17). The building was 
rented from Stephen Sailsbury (Fig. 21). This wire mill 
emp loyed 5 men and was the first successful wire company 
in the country. It all started because of t he improved 
Wire Drawing Machine that vVashburn introduced. 
In 1899, t he American Steel & Wire Company was 
formed, comprising a number of companies. The American 
Steel & Wire Company purchased t he Washburn & Moen Company 
which consisted of the North Works, Central Works, South 
Works (Fig. 17), and plants in Illinois and Californi a. 
In 1901, it became a subsidiary of the United States Steel 
Corporation. Today the American Steel & Wire Company is a 
division of U.S. Steel and is the largest producer of wire 
in the world. 
Rapid expansion was due to various f actors. The 
introduction of tempered wire for the use as piano wire 
created a boom i n the industry. Although it was designed 
Fi g . 21 
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for use as piano wire , the immediate boom was in women 's 
fashions. Tempered wire was used in hoop skirts, bonnets, 
corsets, and hats. A later surge was in the manufacturing 
of barbed wire, that was being extensively used in the west . 
Continual research and development has continued. 
Source _of Material s--The rods used in the origina l 
mill for tbe production of wire came from Sweden. Later in 
1846, the first rolling mill was built to supply the wire 
rods needed. The greatest raw materials used are scrap i r on, 
pig iron, and steel . The iron and steel scrap is cheaper in 
Worcester than in most cities, and it favors the location of 
a steel mill. Fifteen percent of the scrap used by the 
American Steel & Wire Company comes from local sources. 
Transportation--The American Steel & Wire Company 
has numerous railroad spurs terminating on company property. 
Today, it is the largest shipper of tonnage by rail in New 
England . For its own plant area, it has 20 miles of track, 
diesel engines , and cars. The second means of transportation 
is by truck. 
Markets- - "One-hundred and fifty customers in the 
area look to American Steel & Wire Company as the principal 
supplier of their raw materials". 1 These customers purchase 
13% of the total production. The remainder of the market is 
spread throughout the world . The American Steel & Wire 
1 American Steel & Wire Company: Interview with Mr . Case. 
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Conpany produces nails, wire rods, high carbon cold rolled 
specialties, springs, rail bonds, electric wire and cables. 
One example of the specialties is razor blade steel (Fig . 22). 
In 1942, the North Works and Central Works were 
moved to the South Works (Fig. 17). The consolidation was 
to reduce cost, improve quality, and to modernize. The 
South Works were chosen as a location for consolidation for 
several reasons. There was sufficient space available, it 
was easier to move machinery than a steel mill, there wa s 
a mp le water for processing, and it had a good railhead. The 
cost of consolidation was 15 million dollars. 
Today, the company is in an unfavorable position 
with respect to raw materials of pig iron and fuel oil, but 
it is advantageously located with resp ec t to its markets . 
The plant ha s no immediate problems of space, employment , 
or future expansion . 
Fig. 22 
PRODUCTION OF HIGH CARBON COLD ROLLED STEEL 
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Crompton & Knowles Loom Works 
LocatiQU--Crompton & Knowles is located southwest 
of the central core (Fig. 17). The selection of the particular 
site is based on the railroad and principal market location 
when the textile industry was flourishing in New England . 
Since t hat time, t he market has shifted toward the south. To 
meet this shift, Crompton & Knowles established warehouses in 
Pawtucket, Rhode Island ; Patterson, New Jersey; Charlotte, 
North Carolina. Further drop in the textile industry has 
caused a div~rsification program to be undertaken in the 
Worcester plant. 
Historical Background--Prior to the mer ging of 
Crompton & Knowles, there were continual suits between the two 
companies about patent rights. The Crompton Loom Works was 
located on Green Street and its site was selected because of 
the Blackstone Canal and a source of water power . The Knowles 
Loom Works was a t the pres ent site, which was selected because 
of the rail facilities. When the two companies merged in 
March 6, 1897, the Knowles site was the one used. Again, 
this was because of t he railroad facilities. 
The consist ently increasing demand for textile 
fabrics contributed to the rapid growth of the industry. !t 
was not until 1840 that t he first fancy fabrics were woven 
by power in this country. This wa s on the Crcimpton Loom at 
Mi ddlesex Mills i n Lowell, Massachusetts. 
Continual progress wa s made and today in order to 
produce its wide variety of looms, Crompton & Knowles 
maintains some 500,000 wood and metal patter s; over 
200,000 engineering drawings a nd nearly 27 , 000 jigs and 
fixture s, all of t hem tools in· the trade of a succ essful 
loom-bui lding firm . At the present time , the brunt of the 
research is being carr ied on by the fourth genera tion of 
inventors . Of the 3100 patents now in force in the field 
over 700 are controlled by Crompton & Knowles . At the time 
of merging, 235 we re controlled by the two companies . 
Cromp ton & Knowles is one of the few companies that employs 
a full time patent attorney t o keep ahead in the field of 
loom inventions . The motto of Crompton & Knowles as used 
in its trade-mark is 11A loom for every woven fabric ", and 
through the years it has liv ed up to this objective by 
maintaining a l arge staff of inventors and r esearch personnel. 
Source of Material--The source of t he rn&. terials used 
comes from all parts of t he United States a.nd Canada . The 
pig iron come s f rom Buffalo, New York and Boston , Mass . The 
coke and sand is l:frought in from Providence, Rhode Is land , 
and the clay used comes from New Jersey. The main foreign 
source of material is lumber from Canada . A loom t oday , in 
it s construc tion consists of cast iron , malleable iron , 
bronze, steel of various constructions and treatments , wood , 
leather, gl a ss, pl astics , aluminum and magnesium alloys , 
rawhide , and many other materials . It is neces sary to get 
the se from all par t s of the country . 
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Transportation--A railroad spur t ha t provides good 
r a ilroa d facilities t erminates at the company's loading plat-
form. There are also other anequate f acilities for shipping 
and receiving goods. A fleet of c ompany operated trucks 
service the area from several smaller loading platforms, which 
are scattered throughout the various buildings. The use of 
these smaller platforms elimina tes excess handling of imports 
and exports. Because of its advantageous railroad site, the 
majority of the products a re shipped by rail. At the present 
time there is about a 50% for eign market and 50% domestic 
market. The railr oad s are used for the domestic market and 
trucks carry the l ooms to t he ports of Boston and New York 
for foreign shipment. All local shipments are done by truck. 
Markets--The principal markets in the United States 
are located in the south. As a result of this, war ehouses have 
been e s tablished down south to supply this market. As 
previously mentioned, the market is 50% foreign and 50% domestic. 
Today, the company feels it would be in a better position if it 
were located in the south as f a r as its domestic markets were 
concerned, but . . it is in a f avorable position vvith rega rds to its 
foreign market with the nearby ports for foreign shipment. 
The present buildings are the multi-story type 
rather than the modern one story structures (Fig. 23). To 
comp ensate for this, the company ha s introduced modern methods 
of handling, machining and assembling to make up for this 
disadvantage. There is a definite space problem which has 
caused it to build up rather than out. There is limited 
Fig . 23 
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parking facility or room for expansion, but the supply of 
labor , good transportation facilities and location in re spect 
to source of materials and foreign markets have kept Crompton 
& Knowles in its present location. There are over 1500 em-
ployees in the Worcester plant . At the present time, it 
maintains the reputation of being the largest manufacturer 
of box looms in the world. 
TELECHRON_QOMPANY 
1oc~!1P.n--The site is found in the heart of the 
city (Fig. 17). The purpose for t he selection of this site 
was based upon an abundant supply of women workers, and an 
available building. The manufe. ctU:re of clocks, motors, and 
timers required the skill of women workers and the supply was 
available in Worce ster (Of the total employed, 68% are women 
and 31% are men) . In addition to the supply of l abor, it was 
faced with the problem of abs enteeism and transportation to 
work. The ~orcester Bus Company furnishes excellent service 
for the workers. This has limited absenteeism, for people 
are more reluctant to take time off when good transportation 
is available . 
HistorJ.cal Backg,round--Telechron is a relatively 
new pl ant . In 1944, the site was available and purchased. 
It was the old car barn which for merly served t he electr ic 
trolleys in Worcester (Fig. 24). The company operated und er 
the name of the Telechron Company, but was controlled by 
General Electric; however, it was allowed to maintain the 
trade name of Telechron. As of January 1, 1955 it has been 
incorporated by General Electric and is now a par t of Genera l 
Electric. Today, it is one of the l a rgest industries located 
in the central core of the city which employes over 1,000 
persons on a yearly average. 
Tran§por:ti!- tion--Being centrally located, Telechron 
has all types of transportation available and can take ad-
vantage of any of t b em because the products are not bulky and 
Fig. 24 70. 
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easy to handle. However, t r uck transporta tion is used to 
the l argest extent. There is no railhead fo r the plant and 
one is not essential for the type of products produced. 
Source of Materia l--It was estimated that less 
than 1% of the ma t erials used were obtained locally. The 
ma jority corruning from various sources throughout the nation. 
Markets--The products have a national coverage 
a nd some of its pr oducts are shi pped outside of the United 
States . The plant is located to serve a large area and has 
g ood transportation to accomplish this. 
The problems that face the company ·today are 
space, parking facilities , and high taxes. An area outside 
the city would provide these faci l ities but might sacrifice 
the advantages of labor supply and cheap buildings . 
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The Heald Machine Company 
1~tion--The factor y is loca t ed in the no r thern 
part of the Worcester Valley and occupies 350,000 square feet 
of floor space (Fig. 17). The buildings have been converted 
to the modern type of one story structure . The Heald Company 
has one outlying plant on Prescott Street. This is used 
mainly for storage . Eventually , it will be brought to the 
main site of the company . At the present time , the company 
has abundant parking facilities which is a problem in mor e 
concentrated areas . It t herefore has no problem of space 
for future expansion . 
Hi.§.torical Background--Prior to 1903 , the Heald 
Machine Company was located in Barre, Mass. James Heald, who 
was in a partnership with his fa ther Leander , reali zed t he 
business wa s h&ndicapped by its rural location. He wanted 
to move to Worcester , a thriving city, 21 miles away . In 
Worcester t here were adequate supplies of labor , material, 
and better transp ortation . In addition to this, more capital 
would be available . His father r esented the idea but gave 
James an option to buy his share . James Heald came to 
Worcester and influenced Charles H. Morgan , of Mor g c:m 
Construction Co ., Oliver B. Wood , Propri etor of Commonwealth 
Press, and John w. Harrington , of Harrington & Richardson Arms 
Company to furnish enough money for him to bpy the option , 
which he did . 
On August 23 , 1903, the Hea ld ·M:achine Company , of 
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Worces ter , Ma ss. was incorporated. A building wa s rented 
from Charles H. Morgan~ located at the outskirts of the city . 
There were originally 17 employees and t he products wer e 
similar to those made at Barre . Some products were Cheese 
Presses , Corn Cob Crackers , Hay Tedders , Hay Rakes , and many 
round iron stoves . Today, .. the company f requently recei ves 
repair part orders for products built 60 and 70 years ago . 
The s teady growth between 1903 - 1917 wa s greatly 
accelerated by World War I. At that time , the plant increased 
to 127,000 square fe et and employed up t o 737 persons . During 
the depression years , op erations were fairly well maintained . 
Today , the company employes 1,700 persons and is a i'lourishine 
industry . The prosperity is a result of various factors . 
The primary reason for moving to Worcester v1as the 
lEbor supply . The company feels that the men and women of 
Heald have been their greatest asset . Their loya l ty , team-
wor k and idea.l s are the f oundations of t heir success. The 
company today is at a marlet disadvantage , but is willing to 
sacrifice this for t he skilled, and technical l abor supply 
of the area, wbich more than compensates for the higher 
transportation costs . 
Sour ce_.Qf __ f\a!Y:...M§.J::erl:£1- -The materials used are 
largely from local sources. Heald receives all its ca stings 
from foundrys in the area as well as other materials. A very 
small percentage comes from outside of the st <:J te . The main 
products made are machine tools and grinding machines. 
Fig. 25 74. 
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Indirectly, the cost of raw materials effects Heald because 
the suppliers have to import thei~ raw materials at a 
relatively high cost. 
Il:§.J1.§Q.Qr,:ta.tiQ.Q-~Heald has no railroad site , there-
fore, it depends entirely on truck transportation to and from 
the pl&nt. Some products go from the plant to railroads by 
truck and some directly to markets. The transportation may 
be a c ombination of both but the majority is done by truck. 
Maili..\&--The greatest market is in tb.e automotive 
industry of the Mid-west which takes 25% of the products. 
This puts the company at a market disadvantage because of the 
distance and hi f h cost of transportation. It also serves the 
aircraft industry throughout the country, electrical appliance, 
and many other industries . 
Today, the company has no immediate problems i n 
regards to future expansion. 
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Wymill1=: Gg_J,~ d 011 C o ill.lliill:l 
Loca t _ion--The Wyman- Gordon Company is at its 
present location because of i ts relation to the textile 
ma chinery industry, f or which it supplied forged crank 
shafts to loca l loom manufacturers. The site consists of 
15 acres of l and with 360,000 square feet of floor space 
(Fig. 26). It is situated in the south-west part of the 
city ( Fig . 17). It is not located near a r ailhead and is 
at a disadvanta ge with r e sp ect to transpor tation of heavy 
ma t erials for forgings . 
fiist.Qrical Bacl~;ground--Two young men , H. ~'infield 
Wyman and Lyman F. G-or don , establi shed the Wyman-Gordon 
Company in 1883. The f athers of these two f ounders were 
executives in the Crompton Loom Works and played an import-
ant part in getting the t wo men started . 
The early produc t of the company wa s kno wn a s 
d r op for gings because the die fo rgings were produced only 
on drop ha mmers . The forging dies have the impression of 
the part to be ma de cut out of solid steel. One of the pa ir 
of ' ies is attached to t he anvil of the hammer , the other to 
the ram. vVhen released, the fall ing we i ght of the ram and die 
provides the "Hammer Blow" for the op eration. 
The i nitial start was ba sed on the demand for 
loom crank shafts . The progress led to a second field, which 
was the bicycle industry and the production of hubs , peda ls, 
sprocke ts and spindles . This soon spread to the manufacture 
Fig. 26 77· 
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of micrometer fra me s and pistol parts. 
A third field that was opened was the car couplers. 
Tbis was brought about by a safety law requiring railroads to 
be equipped with automa tic couplers. A fourth opportunity of 
the company was the development of rail bonds to provide 
conductivity between rails. This also created relationships 
with. the Washburn & Moen Manufacturing Company , whic:h supplied 
the wire fo r t his d~velopment. 
The last development was in the automotive field . 
The crank shaft production began in 1902, and in the next 
two years Wyman-Gordon was producing crctnk shafts for 35 
companies. 
With the growing demand of the automotive industry 
in the Mid-west, competi tion and a growing volume of business 
indicated a need for greater facilities. In 1919 , the 
Ingall s-Shepard Company, of Harvey , Illinois was acquired . 
Today , it is the l argest producer of crank shafts in the world. 
Following closely behind the automotive industry 
was the aircraft industry. During World War I, Wyman-Gordon 
started slowly in the field . By Viorld War II, it made l e..rge 
expansions in it s Worcester and Harvey plapts, which produced 
a l a. rge proportion of the aircraft crank shafts of the Second 
vVor ld War. 
In 1950, another war emergency occured a nd this 
time the introduction of jet aircraft opened another new field. 
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The engines are of a newer type and required different kinds 
of operations to produce. A project of expansion was requested 
by the United States Government late in V/orld War II and this 
program continued up to the present time. It was centered 
around a 35,000 ton hydraulic press, the largest in America 
(F'ig. 27}. 
Site Location of the North _Gr~ftoB~Plan~--Because 
of the limited space within the city, this project was built 
on a new site in North Gra fton, Massachusetts. It was six 
miles from Worcester and consisted of 212 acres. The plant 
used 25 acres of this area. Upon completion, the North Grafton 
factory will contain presses of 7,000 tons, 18,000 tons, 
35,000 tons, and 50,000 tons capacity. Selection of the site 
was based upon anticipated needs for expansion and the type 
of foundation needed for a press that would be six stories 
belcw the ground and three stories above. The soils on which 
the plant wa s situated are Merrimac gravelly sandy loam, which 
has a substratum composed of beds of assorted sand and gravel 
derived from granitic ma t erials. This insures perfect under-
dra inage, as well as a sturdy foundation. 
So1il:£e ._of Il?-W Mat er ia l--The raw rna teria ls used are 
l a r gely steel, aluminum, and magne sium as well as titanium 
and high density alloys. These a re supplied from various 
parts of the country. 
Ira~-~9~ia tion--The Worceste r plant ha s no rail 
f acilities on the property and depends entirely on trucks to 
ship and receive products. The Nor th Gra fton plant is at an 
advanta ge of being located on a r a ilroad line. The use of a ir 
Fig. 27 
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freight is limited to critical pa rts. 
Market.§.--The greatest market is in the aircraft 
industry. Others are automobile, truck, tractor, a nd a gri-
cultural i mplement industries. The Worc ester plant produces 
80% of its goods for the aircraft industry and the North 
Grafton pl ant is 100% a ircraft parts. The automotive crank 
sha fts are done entirely by the Harvey, Illinois plant. The 
market is restricted almost entirely to the United States, 
except for a very little foreign crank sha ft market . 
Today, the Worcester plant has the problem of 
space and transportation. Howe~er, it is satisfied at the 
present time because of the pos s ibilities of expansion into 
the suburbs if necessary. It has also adjusted themselves 
to the transportation problems. The North Gra fton plant is 
still in the early stage s of development and has a great 
future ahead . 
CONCLUSIONS 
The entire development of Worcester has been 
based upon four factors. 
The 
1. Introduction of St eam Power 
2. Concentration of Transportat ion Routes 
3· Labor Resources 
4. Persona lities and Inventivenes s 
city ha s been hampered by: 
1. Lack of Mineral Re sources 
2. Lack of Access to the Sea 
3· High Taxes 
4. Space 
82. 
Worcester ha s a tt empted to solve the four hampering 
fact ors i n various ways . To overcome the lack of mineral 
r9sources, adequa te transporta tion facilities were established 
for the i mp orta tion of the necessary raw ma teria ls . However, 
mo st industries that developed were based upon raw materi als 
that wer e not bulky; therefore, it was much ea sier to i mport 
them. With the growi ng demand f or ra·w rna terials, better and 
more varied mea ns of transporta tion were necessary. The city 
of Worce s ter has deve l oped hi ghly efficient r a ilroa d and hi gh-
way nets to sa ti sf y the growing demands of industry. 
Efforts to obtain an outlet to the sea were 
re sponsible for the first railroad to be bui lt from Boston 
to Worcester . After the Bla ckstone Canal to Providence was 
built in 1828, there was talk of building an additional canal 
to Bo ston. To anticipa te such a canal , railroad inte r ests 
forged a link bet ween Worcester and the sea at Boston . \~en 
the Bl ackstone Canal closed down in 1846, the railroad became 
the chief means of providing industrial Worcester with its 
outlet to the sea. Today , the distance to ports is short 
and efficient via both rail and highwa y . Thus, Boston is 
only 39 miles ,ayvay and Providence 40 miles . With its modern 
transportation network, Worcester has· overcome its problem 
of obtaining access to the sea . 
One pro blem that Worcester ha s not solved is its 
high tax rate of $56.00 . This, however , is a problem that 
all industries f ace in New England.. Any area that under-
goes development and growth can expect to encounter high 
tax rates eventually, to pay for the high cost of furnishing 
schools, roads, and other facilities. Most industries have 
adjusted to this taxation problem, but a few have moved to 
other areas to avoid it. 
In the cities and towns immediately surrounding 
Worcester, tax rates and zoning laws have become f actors that 
industry must now t ake into a ccount. Tax rates of course 
vary from town to town and concealed differences in rates of 
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a s se s sment make it difficult to trea t such a f a ctor with a ny 
uniformity . Furthermore, t he t ax r a tes vary enormously from 
yea r to yea r. Thus, for example, Holden's tax rate jumped 
f rom ~33.00 in 1945 to $60.00 in 1955, due to rapid re s identia l 
growth and the demand for increased servic es. 
With r e spect t o zoning laws, not all towns have 
zoning so this ha s not been an i mpor tant factor i n some area s. 
Zoning , however, i s coming in r a pidly a s a pa~t cf the loca l 
government structure. Human factors, such a s personality 
of selectcen, a s sessors, etc. probably pla y a stronger role 
t han is commonly rea li zed, but is of course nea rly impos s ible 
to mea sure or to evaluate. 
Today, t he bi gr est problem appears to be s pace. 
Beca use the city is located within t he va lley, ther e is not 
much room left for expansion. Through the years, we c an 
s ee hovJ industries ha ve forced a gr iculture fr om the va lley 
f l oor to the hi gh0r surrounding areas. Today, the r e sidentia l 
area s ar e being pushed out toward the suburbs, to ma ke room 
f or industr ies. With t he ridge s t o t he ea s t and we s t of t he 
valley , the only natural out l e t for indus try is nor t h and 
south. It can be se en t hat the industries of Porcester 
follow this linear trend, which was also t he early source 
of water power that ini t i ated industry. Toda y, industrial 
expans i on is faced vvith a seri ous problem of s pace. To 
conform with modern trend s of i ndustry , there is a great 
demand for space. The growing industrie s of Worcester are 
being compressed within the valley and must seek some outlet . 
This outlet should be the S .M. A., which up to 1947 had 
genera l ly l~ejected Worcester's expanding industry, especially 
in the northern and southern extensions of the va lley. 
Since 1947, industry in the S.M • ..t-i. . has begun to 
grow at a fa s ter rate than in Worcester.>~' There appears t o 
be a marked tr end toward the S .M.A. An example of this tr end 
is the building of a new plant by Wyman-Gordon in North 
Grafton. Harrington & Richardson Arms Company ha s also 
pu~chased a plant in Rochdale, Massachusetts , because of 
crowded conditions. These point both to a break in the 
industrial barrier which formerly characterized S .M • .A. limits, 
and to a gener&l expansion of industry in Worcester, t he needs 
of which cannot be met by the city itself. · 
* - Personal intervi ews with Mr . Daniel Cassal (Industrial 
Bureau , Worcester Chamber of Commerce) and Mr. Loui s . Dougall 
(Mass. Employment Division). 
Coombs, Zelotes w. 
Farnsworth, Albert 
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ABSTRACT 
In order to understand t he reasons for the indust-
rial growth of Worcester, it is essential to be familiar with 
the topo gr aphy of the area. Located in a va lley without any 
natural re sources to stimula te industry, Worce ster is at a 
disadvantage. However, there wer e small streams in the area 
which were used for water power in the early stages of 
development. This source of water power suppl~ed the a rea 
with ground grain and lumber. 
The first phase of manufacturing in Worcester 
dates back to 1713, with the third and permanent settlement 
of Worcester. Industry kept on slowly developing until t he 
enactment of the Embargo Act of 1807. 'I'his stimul c:, ted the 
growth of home industry and improvements in transportation. 
The Blackstone Canal, completed in 1828, provided seasonal 
transportation to the sea. Manufac turing wa s further a ided by 
the development of thr ee railroads, between 1835 and 1847 . 
This gave industry a year-round transportation service. 
It was not until 1840 that steam was used to any 
great extent in Worcester. Steam power supplemented the 
inadequate water power and the rapid growth of industry beEan 
which ba s not yet abated . 
Although the railroads and introduction of steam 
for power supplied a market outlet , the main factor in the 
development is the people of Worcester or the human element. 
The creati ve and inventive a bility of the people ha s led 
t o a gr eat demand fo r the products and skills of the area. 
By a compari son of various maps such as topo graphic, 
population, l and use, soil s , and industria l locations, i t is 
ap parent that manufacturing is restricted to the valley. 
Space is a vital factor in future development and is at a 
premium in the valley. 
Through persona l intervi ews with r epresentitives 
of the six leading companies in the city, a survey of the 
growth of i ndustry was made. This was made from a geograph-
ical point of visw. The site location, source of materials, 
t ransportation, ma r kets and other fact ors in the develo pment 
were discussed . It wa s found that the pre sent phase of 
diversified development i s due primarly to the people. 
The locational f actor s were found to be home industries, 
labor availability, and production rela tionships. 
The conclusion was reached that t he hum&n f a ctor 
is more important as a ba sic locational and developmental 
fa ctor for manufacturing companies than is generally realized. 
In additi on t o this, t he space problem is a continuous one. 
The only solut ion to this problem would be to follow the 
north-south trend of the va lley for f uture expansion. With 
the pr e s ent day means of transportation, there is no problem 
in relation to the re sources or ma r kets for suburban 
expansion. 
